ABSTRACT
INTRODUCTION
The early transition elements favor the formation of metal-metal bonds in their compounds with low oxidation states and display a propensity for forming hexanuclear clusters based on an octahedral arrangement of metal atoms [1] . A cluster can be defined as an aggregate of metallic atoms with finite dimension and high symmetry, in which the metallic atoms are linked together by metalmetal bonds [2] . In the cluster core, the distances between metallic atoms are close to those in the metal bulk. The most common structural units in these compounds are octahedral unit of i a 6 8 6 (M L )L and i a 6 12 6 (M L )L in which the inner ligands (L i ) cap the faces or bridge the edges of the metal octahedron, respectively, and the apical ligands (L a ) are located in the terminal positions.
The increasing interest in transition metal cluster compounds encountered this last decade is due to their fascinating basic aspects of structures, remarkable physical properties as superconductivity, ionic conductivity, catalytic activity, and various applications [3] . Indeed, some of these compounds are now well known for their unusual physical properties in A x Mo 6 L 8 (A = Pb, Sn, Cu, Li, La, Eu, etc.; L=S, Se, Te) that turned out to be a superconductor at 14 K [4] [5] . The ultimate condensation of the (Nb O ) binary compound, induces transport properties with a superconducting transition at low temperature [6] . These cluster compound types could be used as precursors for the synthesis of organomineral hybrids [7] and inorganic polymeric cluster materials of different dimensionality [8] [9] via soft chemistry.
The octahedral clusters of niobium tend to adopt structures with edge-bridged octahedral geometry, Nb 6 L 18 cluster unit in which an octahedron of niobium atoms surrounded by twelve inner ligands (L i ) and six apical ligands (L a ). A large number of binary, ternary, and quaternary compounds based on the Nb 6 L 18 (L = Cl, Br or O) cluster units have been reported [9] [10] . Each compound, in which discrete or interconnected units are encountered, possesses its own electronic and structural features in relation with the nature of ligands bonded to Nb 6 cluster.
Frameworks of reduced niobium oxides and halides are based on the same cluster type. Discrete cluster units usually characterize the halides as found in Cs 2 PbNb 6 Cl 18 [11] , while the oxides have dense frameworks as found in KNb 8 O 14 [12] . However, important differences between halide and oxide compounds exist in their composition and structural characteristics, in relation with the difference between both sizes and formal charges of oxygen and halogen ligands. In the Nb 6 halide compounds, the interunit connections are most frequently built by apical ligands shared between adjacent units as in NaNb 6 Cl 15 [13] . This arrangement gives long intercluster distances. In contrast to halides, the linkages between the units in the Nb 6 oxides, involve preferentially inner ligands like in LaNb 7 O 12 [14] , which result in the short intercluster distances. [15] opened the field of a new class of octahedral niobium cluster compounds by using a combination of ligands. Modification of the cluster units by introduction of both halogen and oxygen as ligands can lead to changes in electronic configuration, charge, and symmetry, and is, therefore, conducive to formation of new structural types.
Herein, we report the structure of a novel octahedral niobium cluster oxychloride compound, Cs 2 Sc 3 Nb 12 Cl 27 O 8 with mixed-ligands of oxygen and chlorine. This new compound contains four oxygen inner ligands and exhibits valence electron counts of 14 per cluster.
EXPERIMENTAL SECTION

Materials
In this experiment, we used the following materials: Nb powders (Ventron, m2N8), CsCl, Sc 2 O 3 (Alfa, 99.5%), NbCl 5 (Alfa, 99.9%), Nb 2 O 5 (Alfa, 99.5%), Nitrogen liquid, oxygen gas, hydrogen gas, and silica tube.
Instrumentation
The used instrumentations in this experiment are glove box, analytical balance, tube furnace, scanning electron microscope (SEM), and Nonius KappaCCD X-ray diffractometer.
Procedure
Synthesis
The 8 phases were obtained as black crystals. The elemental composition of the products was derived from single crystal X-ray diffraction analysis and confirmed by energy-dispersive X-ray analysis performed on single crystals.
Crystal X-ray Data Collection
A suitable single crystal of Cs 2 Sc 3 Nb 12 Cl 27 O 8 was selected and used for structural determination by X-ray diffraction. Intensity data were collected at room temperature by a Nonius KappaCCD diffractometer with MoKα radiation (λ = 0.71073 Å). A crystal-todetector distance of 25 mm was applied and data collection strategy was performed by using the COLLECT program of KappaCCD software package to measure all the Bragg reflections inside the full sphere until θ = 33.94°. A total of 17,398 reflections were collected with ΔΦ = 2° rotation scans and Δω = 2° rotation scans to fill the asymmetric unit cell (exposition time = 30 sec/deg). Finally, 9,332 reflections were indexed, Lorentz-polarization corrected, and then integrated in the orthorhombic symmetry by the DENZO program of the KappaCCD software package.
Structural Determination
The extinction conditions indicated Pnma as a unique choice of the space group. Initial atomic positions of all atoms were determined by using direct methods with Shelxs Program [16] . The refinement was carried out with full-matrix least squares methods and Fourier syntheses on F 2 with Shelxl Program [17] . All the atoms were refined with anisotropic displacement factors. The short distance between the three symmetry-equivalent positions of cesium (0.569, 1.165, and 2.20 Å) indicated a partial occupancy of these sites. The final refinement cycles converged to R 1 =0.0368, wR 2 =0.0769 for I>2σ(I) and R 1 =0.0609, wR 2 =0.0850 for all data with highest peak of 3.49 at 0.72 Å from Sc1 site and Goodness-of-fit on F 2 of 1.052. Details of data collection and structure refinement are summarized in Table 1 . Atomic positions and equivalent isotropic displacement parameters are reported in Table  2 . Selected interatomic distances are listed in Table 3 . Anisotropic thermal factors and observed and calculated structure factors are available from the authors upon request.
RESULT AND DISCUSSION
In this paper, we describe and discuss the novel cluster oxychloride compound, Cs 2 Sc 3 Nb 12 Cl 27 O 8 . This compound crystallizes in an original structure type of orthorhombic system with space group of Pnma. The Nb 6 cluster is built from six crystallographically independent niobium atoms lying in a pyramidal site of ligands. One Nb atom has coordination spheres of two inner-chlorines (Cl (Nb Cl O )Cl . In this cluster unit, four oxygen ligands selectively occupy inner positions arranged in sets of three 'triad' and one on opposite side of the Nb 6 octahedron (Fig. 1) .
The octahedral niobium cluster oxychlorides with four oxygen ligands were also encountered in the structure of [Tl 5 [15] that has three inneroxygen ligands per cluster. 6 octahedron is significantly distorted due to the steric effect of the mixed-ligands. The Nb-Nb distances for oxygenbridged edges are 2.7835(5) Å to 2.8773(4) Å, and those for chlorine-bridged edges range from 2.9672(4) Å to 3.0447(5) Å (Table 3 ). These bond lengths are similar to those found in the other niobium cluster oxychloride compounds and are also consistent with the presence of 14 valence electrons per cluster [9] .
Linkage between the cluster units is made by sharing the apical-chlorine ligands between two adjacent units. Each cluster shares three of its six apical-chlorine ligands with three adjacent clusters with connectivity formula of i i a-a a 6 8 4 3/2 3 (Nb Cl O )Cl Cl (Fig. 2) . These (Fig. 4) in which the clusters are linked through the scandium atoms and apical-chlorine ligands. The first scandium atom, Sc1 links to two cluster units via inner-oxygen and apical-chlorine ligands. This scandium atom coordinates to two inner-oxygens (O   i   ) and two apical-chlorine (Cl a ) ligands, arranged in a distorted square-planar geometry (Fig. 5) . Its environment is completed by two additional chlorines to a distorted octahedral or square-pyramidal geometry. The second scandium atom, Sc2 links three clusters and has environment of unusual trigonal-bipyramidal geometry formed by three inner-oxygen ligands and two apicalchlorine ligands. The same environment of counter cations was also encountered in the structure of ScNb 6 Cl 13 O 3 [15] that contain three inner-oxygen ligands.
Adjacent layers in Cs 2 Sc 3 Nb 12 Cl 27 O 8 are related by a plane perpendicular to c-direction and interact through cesium atoms. The cesium atoms are distributed over three independent sites (Cs1, Cs2, Cs3). The site Cs1 is a half occupied and coordinated by 9 chlorines within 4.2 Å. The Cs2 and Cs3 sites, separated by 1.165 Å, are located in the channels running between the layers in the b-direction. These two sites are partially occupied (Cs2: 50%, Cs3: 23%), and also coordinated by 9 chlorines within 4.2 Å. The number of cesium atoms per cluster was refined to 0.99(2) which agrees with the oxidation states assigned to the transition metals.
The structural properties of the novel niobium cluster oxychloride, Cs 2 Sc 3 Nb 12 Cl 27 O 8 demonstrate the effectiveness of using mixed-ligands to prepare lowdimensional materials. The ordered oxygen and chlorine ligands distribution leads to great distortions of the cluster and to various electronic counts. The physical properties of the cluster compounds are related to the strength of interaction between cluster units and the number of electrons available for metal-metal bonding, the so-called valence electron count (VEC).
From the structural data, the VEC per cluster calculated for Cs 2 (Nb Cl O )Cl Cl in which four oxygen ligands selectively occupy inner positions arranged in sets of three and one on opposite side of the Nb 6 octahedron. Each cluster shares three of its six apicalchlorine ligands with three adjacent clusters to form layers with topology similar to that of graphite. The arrangement of ligands favors the formation of zig-zag chains in which the clusters are linked through the scandium atoms and apical-chlorine ligands. This compound exhibits valence electron counts of 14 per cluster. (Nb Cl O )Cl Cl in which four oxygen ligands selectively occupy inner positions arranged in sets of three and one on opposite side of the Nb 6 octahedron. Each cluster shares three of its six apical-chlorine ligands with three adjacent clusters to form layers with topology similar to that of graphite. The arrangement of ligands favors the formation of zig-zag chains in which the clusters are linked through the scandium atoms and apical-chlorine ligands. This compound exhibits valence electron counts of 14 per cluster.
CONCLUSION
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